The COLM study is an investigator-initiated trial comparing the combination therapy using an angiotensin II receptor blocker (ARB), olmesartan, and a calcium channel blocker (CCB) with that using an ARB and a diuretic in high-risk elderly hypertensive patients. Here we describe the rationale and study design. Olmesartan was administered concomitantly with a long-acting dihydropyridine CCB (ARB/CCB group) or with a low-dose diuretic (ARB/diuretic group) to elderly hypertensive patients with a history of or risk factors for cardiovascular disease. Cardiovascular morbidity and mortality as a primary end point were compared between the two groups, with the target blood pressure (BP) being o140 mm Hg for systolic BP and o90 mm Hg for diastolic BP. Safety and tolerability will also be investigated. A total of more than 4000 patients were recruited and will be followed up for at least 3 years.
INTRODUCTION
Hypertension is a key risk factor for cardiovascular disease. 1 The main objective of treating hypertension is to reduce cardiovascular morbidity and mortality by decreasing high blood pressure (BP), as supported by the results of many large clinical trials and meta-analyses. [2] [3] [4] [5] [6] According to various guidelines on the treatment of hypertension, the target BP for elderly hypertensive patients is o140/90 mm Hg. [4] [5] [6] It is not easy to achieve this target and it is often necessary to combine antihypertensive agents with different mechanisms of action. Combination therapy may reduce adverse drug reactions compared with monotherapy. For example, the incidence of hypokalemia due to diuretics may be reduced by combination with renin-angiotensin inhibitors. 7 For antihypertensive therapy in elderly patients, the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2004) recommend calcium channel blockers (CCBs), angiotensin II receptor blockers (ARBs), angiotensin-converting enzyme inhibitors (ACE inhibitors) and low-dose diuretics as the first-line drugs, and these agents should be used concomitantly if the target BP is not achieved. ARBs are commonly used to treat elderly hypertensive patients in Japan, 8 and combination therapy with an ARB and a CCB or an ARB and a low-dose diuretic is recommended for hypertension. Evidence to support the benefit of such combination therapy on cardiovascular events has not been reported sufficiently.
We therefore planned to conduct the COLM (Combination of OLMesartan and calcium channel blocker or diuretic in high-risk elderly hypertensive patients) study, aiming to compare the combination of an ARB and a CCB with that of an ARB and a diuretic in the treatment of elderly hypertensive patients.
In this study, we selected olmesartan medoxomil for an ARB because it shows a good antihypertensive effect [9] [10] [11] [12] and is widely prescribed in both Japan and other countries.
METHODS
The study will be conducted using the prospective randomized open-blinded end point method. 13 Participants will be randomized into two groups: one group that will receive combination treatment with olmesartan and a longacting dihydropyridine CCB, and the other group that will receive olmesartan combined with a low-dose diuretic. Participants were recruited from April 2007 until September 2008 and will be followed up for at least 3 years ( Figure 1 ).
Enrollment of patients
Hypertensive patients aged X65 years and o85 years with a history of cardiovascular disease or risk factors for cardiovascular disease, including diabetes mellitus or dyslipidemia, were considered eligible. The investigator obtained written informed consent from the patients before their participation in the study. Patients who did not respond sufficiently to their prior antihypertensive therapy were enrolled and were randomly assigned to either group. Whether a patient met all the inclusion and exclusion criteria was checked after obtaining consent. For the details of the inclusion and exclusion criteria, refer to Appendix 1.
Randomization
The COLM Study Data Center randomized eligible patients to either the ARB/ CCB group or the ARB/diuretic group by a dynamic allocation method, in which sex, age (X75 years/o75 years), history of cardiovascular disease, BP (mild/moderate or severe hypertension according to the JSH 2004 classification), prior use of antihypertensive agents and medical institution were used as factors for grouping.
Study protocol
The long-acting dihydropyridine CCBs and the low-dose diuretics used concomitantly with olmesartan are shown in Table 1 . Azelnidipine and amlodipine are used as the CCBs, and thiazides are used as the diuretics. The initial doses of the drugs administered are as per the investigator's judgment. There are no restrictions on concomitant drugs apart from antihypertensive agents.
The target BP during the treatment period is set at o140 mm Hg for systolic BP (SBP) and at o90 mm Hg for diastolic BP (DBP) in both treatment arms. If the target BP is not achieved, the dose of olmesartan, CCB or diuretic will be increased. However, to prevent adverse events from increasing with higher doses of the study drugs, especially with an increase in dose of diuretic, the maximum doses are specified and are shown in Table 1 . If the target BP is not achieved by the maximum dose of these basal drugs, other antihypertensive drugs, including b-blockers, a-blockers and ACE inhibitors, will be added. If the BP decreases excessively, as judged by the participating physicians, antihypertensive agents other than the study drugs will be reduced or discontinued (if they are being used). If the BP is still too low, the dose of one of the study drugs will be reduced and combination therapy will be continued for as long as possible.
Follow-up and laboratory tests
The specified laboratory tests, investigation of the occurrence of cardiovascular events and measurement of BP will be conducted at 1, 3 and 6 months after randomization, and then every 6 months. The laboratory tests will be conducted at each participating institution, and the investigator at each institution will report the results to the COLM Study Data Center. If a cardiovascular event occurs, it will be immediately reported to the COLM Study Data Center. If adverse events occur, appropriate treatment will be provided immediately. If the investigator judges that a participant with adverse events should discontinue the study, this will be done.
Monitoring of safety
Interim analyses will be conducted twice, in September 2009 and 2010, to decide whether to continue or discontinue the study based on ethical and scientific considerations. The Independent Data Monitoring Committee will analyze data on safety and cardiovascular events. If the Independent Data Monitoring Committee judges that continuation of the study is ethically or scientifically problematic, the committee will ask the Steering Committee to amend the study protocol or discontinue the study.
End points
The primary and secondary end points are shown in Table 2 . Cardiovascular events reported by the participating physicians will be assessed by the Endpoint Rationale, design and implementation of COLM study T Ogihara et al
Committee on a blinded basis in accordance with the cardiovascular event assessment criteria.
Statistical analysis
Sample size. The annual incidence of cardiovascular events in elderly Japanese patients treated with CCBs or ACE inhibitors is reported to be 2-3% (20-30/1000 patients). 14 If the incidence of cardiovascular events (the primary end point) is 2% per year and the relative difference in the incidence of cardiovascular events between the two groups is assumed to be 33%, then 1999 participants per group would be required to achieve a¼0.05 (two sided) and a power of 80%. On the basis of this calculation, more than 2000 participants will be randomized to each group.
Statistical analysis plan
Major analyses will be conducted according to the intention-to-treat principle. For major analyses, the frequency of the primary and secondary end points will be compared between the ARB/CCB group and the ARB/diuretic group. For the intergroup comparison of cardiovascular events, a stratified log-rank test will be conducted using sex, age and history of cerebrovascular/cardiovascular disease as stratification variables. Time-to-event curves for cardiovascular events in each group will be estimated by the Kaplan-Meier method. The hazard ratio and its 95% confidence interval will be calculated by using a stratified Cox proportional hazards model. Prespecified subgroup analyses will be conducted as exploratory analyses and interactions between factors in each group and subgroup will be investigated.
For all analyses, overall, the level of significance will be P¼0.05, and two-sided tests will be used. The details will be described in the statistical analysis plan.
Interim analysis
To judge whether to continue or discontinue the study for ethical reasons, two interim analyses will be conducted. The results will be submitted to the Independent Data Monitoring Committee. On the basis of the findings, the committee may request discontinuation of the study or improvement of treatment compliance.
Early discontinuation of the study based on the results of interim analysis will depend on the primary end point. Multiplicity of testing in the interim analysis of the primary end point will be adjusted using the Lan-DeMets alphaspending function, 15 approximating an O'Brien-Fleming boundary. 16 
Data management
Case report forms filled out by the investigators will be collected by the COLM Study Data Center. The COLM Study Data Center will check compliance with the protocol as necessary and will notify the investigators of requirements for maintaining the quality of the study. The investigators will keep source documents for essential data (laboratory tests, investigational items, etc.). The COLM Study Data Center will conduct centralized monitoring of the participating institutions, visit as necessary, and check the source documents and information entered by the investigators.
Institutional review board
Before starting the study, the central institutional review board (IRB) will review the protocol on behalf of the principal researchers from the ethical and safety viewpoints, and will also assess the informed consent form. Participation in the study is approved by the IRB of each medical institution. If the IRB is not established at a particular medical institution, site participation is approved by the central IRB as requested by the principal researchers.
DISCUSSION
The objective of treating hypertension is to prevent cardiovascular disease, including damage to the brain, heart, kidneys and blood vessels associated with hypertension, as well as death from cardiovascular disease. Especially in patients who have risk factors for cardiovascular disease, it is important to achieve the target BP for both primary and secondary prevention of cardiovascular disease. 3 To achieve the target BP, combination therapy involving multiple antihypertensive agents with different mechanisms of action is a useful strategy. JNC7 recommends starting treatment for stage 2 (SBPX160 or DBPX100 mm Hg) hypertensive patients with combination therapy. The 2007 European Society of Hypertension/European Society of Cardiology Guidelines recommend starting treatment with a two-drug combination at low dose for patients with marked BP elevation or high cardiovascular risk (ESH-ESC2007). In hypertensive patients whose BP could not be controlled by the maximum dose of an Rationale, design and implementation of COLM study T Ogihara et al ARB, adding a diuretic or CCB was reported to enhance the antihypertensive effect. 17, 18 The ultimate goal of combination therapy is to reduce cardiovascular outcomes in addition to reducing BP. Only two large-scale randomized clinical trials have investigated which combination of antihypertensive agents is more effective in preventing cardiovascular diseases in hypertensive patients. One is ASCOT-BPLA (Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering ARM) 19 and the other is ACCOMPLISH (Avoiding Cardiovascular Events Through COMbination Therapy in Patients LIving with Systolic Hypertension). 20 The ASCOT-BPLA compared amlodipine-based therapy, adding perindopril as required, with atenolol-based therapy, adding bendroflumethiazide as required. Both protocols used combination therapy in more than half of the patients. 19 The ASCOT-BPLA clearly revealed that amlodipine-based therapy was superior to atenolol-based therapy in reducing cardiovascular events. On the basis of this finding, combination therapy with a b-blocker and a diuretic was excluded from the list of preferable combinations in the 2007 European Society of Hypertension/European Society of Cardiology Guidelines.
ACCOMPLISH compared combination therapy using an ACE inhibitor and a CCB with that using an ACE inhibitor and a diuretic. 20 The primary result of ACCOMPLISH showed the superiority of the ACE inhibitor-CCB combination. 21 The COLM study has a similar design to the ACCOMPLISH study. However, there are several differences in the protocol. The first difference between the studies is the basal drug; an ARB is being used in the COLM study, whereas an ACE inhibitor was used in the ACCOMPLISH study. Both drugs are inhibitors of the renin-angiotensin system but have different mechanisms of action. Considering the side effects of ACE inhibitors, such as dry cough, 22 a higher rate of study completion is expected in the COLM study compared with the ACCOPLISH study.
The second difference between the two studies is the dose of the concomitant diuretic. In the COLM study, diuretics are used at low doses only, whereas the ACCOMPLISH study allowed the diuretic dose to be gradually increased up to the usual level. When diuretics are used for combination therapy, low doses are generally employed considering both the antihypertensive effect and the metabolic effects. 23 In the COLM study, low doses of diuretics are being used, and we expect to obtain results that can also be achieved in clinical practice.
The third difference between the two studies is the study population. The COLM study recruited Japanese elderly patients (X65 years), whereas the ACCOPMLISH study recruited mainly Caucasians (84%) aged X55 years. Therefore, the study participants in the COLM study might be more salt sensitive than those in the ACCOMPLISH study.
The COLM study is being conducted using the prospective randomized open-blinded end point method, and a composite end point is being investigated. There are concerns about whether it is reasonable to assess the primary end point because an index that may bias the observation is included in the composite end point. 24 We also plan to analyze a composite of hard end point including 'cardiovascular death, non-fatal myocardial infarction and non-fatal stroke except transient ischemic attack' as a secondary end point and investigate whether it shows the same trend as the primary end point. This will be helpful to confirm the reasonableness of using a composite of fatal and non-fatal cardiovascular events as the primary end point.
A number of fixed-combination antihypertensive drugs have recently been launched in Japan and other countries, and there are many options available for the treatment of hypertension. We believe that the COLM study will provide useful information about combination antihypertensive therapy in elderly patients, which can prevent cardiovascular disease and promote good adherence during long-term treatment, and will assist the creation of guidelines for the selection of antihypertensive therapy and antihypertensive drugs, including combination drugs.
